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Starting with 257 outpatients attending the specialized health service for tuberculosis (TB)
between 2002 and 2006 in Araraquara, an agro-industrial area with low tuberculosis (TB)
incidence in Sa˜o Paulo state, Brazil, positive mycobacterial cultures were obtained in 130
cases, of which 121 were confirmed as Mycobacterium tuberculosis complex. This report
assesses the genetic diversity observed on 69.42% (n = 84) of the clinical isolates, for which
both spoligotyping and 12-loci MIRU typing data were fully interpretable. In order to mon-
itor changes in the population dynamics of circulating M. tuberculosis strains over time, spo-
ligotypes were compared from this study (n = 84) with an earlier study from 1998 to 2001
(n = 70 strains); and these two datasets from low-incidence Araraquara area were also com-
pared with a 2-year cohort in the nearby higher-incidence Sa˜o Paulo city area from 2006 to
2008 (n = 93). The results obtained showed that with 58.3% (49/84) of the strains, the Latin-
American-Mediterranean (LAM) was the predominant lineage in the present follow-up
study; major patterns being SIT42/LAM9 11.9% (10/84), and SIT20/LAM1 10.7% (9/84). As
compared with the 1998–2001 period when 40% (28/70) of the isolates belonged to the ill-
defined T family, it was replaced by LAM strains between 2002 and 2006 with a visible shift
to a population structure characteristic of the metropolitan Sa˜o Paulo city. Further typing of
the follow-up isolates from 2002 to 2006 using 12 loci MIRUs in conjunction with conven-
tional epidemiology did not link this population structure shift to an increase in ongoing
transmission or drug-resistance. Instead, it is most probably linked to movements of the
important migrant community of Araraquara to higher TB incidence metropolitan areas
such as Sa˜o Paulo city. This is of particular concern owing to the increment in the global-African Society for Mycobacteriology. Published by Elsevier Ltd. All rights reserved.
upranational TB Reference Laboratory, TB & Mycobacteria Unit, Institut Pasteur de la
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drug- and extensively drug-resistant TB. These observations suggest the need for further
molecular monitoring of the TB population structure and the evaluation of transmission
trends amongst migrant workers and other risk groups, such as persons in homeless shel-
ters, in correctional facilities, drug users, and those with HIV infection, etc.
 2013 Asian-African Society for Mycobacteriology. Published by Elsevier Ltd. All rights
reserved.Introduction
Infections owing to Mycobacterium tuberculosis complex
(MTBC) resulted in 8 million new cases of tuberculosis (TB)
and 2 million deaths in 2011; and among 22 countries respon-
sible for 80% of the TB burden in the world, Brazil ranked
number 18 [1]. Since a majority of the new TB cases are con-
centrated in cities such as Manaus (71.7/100,000 inhabitants,
Amazonas), Rio de Janeiro (69.8/100,000 inhabitants) and Sa˜o
Paulo (SP, 39.5/100,000 inhabitants) [2], the impact of the situ-
ation in smaller cities that surround these big cities is not well
investigated.
With an ever-increasing proportion of drug-resistant
strains and increased migratory movements, MTBC genotyp-
ing together with classic epidemiological investigations is to-
day widely used to elucidate the dynamics of TB transmission
in populations [3]. In earlier studies, IS6110 Restriction Frag-
ment Length Polymorphism (RFLP) was considered the gold
standard method to investigate MTBC molecular epidemiol-
ogy and transmission [4]. However, the complexity of this
method along with the absence of IS6110 element in some
geographic variants of M. tuberculosis [5,6] led to its replace-
ment by PCR-based methods in the last decade [7,3,8], namely
spoligotyping based on the variability of the direct repeat (DR)
locus [9] and mini-satellites designated Mycobacterial Inter-
spersed Repetitive [MIRU-VNTRs; 10,11]. It is important to
use MIRU-VNTRs in conjunction with spoligotyping to provide
clinicians with a rapid way to discriminate between reactiva-
tion and exogenous reinfection [12]; as well as to avoid over-
estimating the proportion of clustered strains [13].
Although a set of 15 MIRU-VNTR loci has been defined for
molecular epidemiological investigations and a set of 24
MIRU-VNTR loci for phylogenetic analysis of M. tuberculosis
strains worldwide [11], the use of the classical 12 loci- MIRUs
still provides adequate phylogenetical [14] and epidemiologi-
cal discrimination in many cases, including in large-scale
studies [15–17]. The 12-loci format was consequently incorpo-
rated along with spoligotypes into the 2012 release of the
international MTBC genotyping database SITVITWEB [19;
available at: http://www.pasteur-guadeloupe.fr:8081/SIT-
VIT_ONLINE/], which is an updated version of the previously
published spoligotype database SpolDB4, and allows classify-
ing MTBC into 62 prototypes of spoligotype lineages/sublin-
eages [19]. In the present investigation, these two
genotyping methods were used to study the global distribu-
tion and phylogenetic analysis of MTBC lineages in a 5-year
molecular epidemiology surveillance follow-up study (2002–
2006) as compared with an earlier study (1998–2001) con-
ducted in a low TB-endemic agro-industrial setting namedAraraquara located in the Midwest region of Sa˜o Paulo state,
Brazil. The aim of this study was to monitor changes in the
population dynamics of circulating strains in Araraquara, as
well as to compare the results obtained with a higher-inci-
dence neighboring area (Sa˜o Paulo city) to see if the changes
observed in specific M. tuberculosis genotypes could be poten-
tially linked to migratory movements.
Materials and methods
Setting, clinical isolates, phenotypic and molecular
characterization
Araraquara is an agro-industrial city (population 195,815
inhabitants), located at the Midwest region of Sa˜o Paulo state
at a distance of 270 km from Sa˜o Paulo city. It is a preferential
location for Brazilian migrants, mainly from Sa˜o Paulo city,
looking for a job in the sugarcane and citric agro-industries.
The reported TB incidence rate of 26/100,000 inhabitants in
Araraquara in 2008 [20] was significantly lower as compared
with an incidence of 65.2 cases/100,000 inhabitants in Sa˜o
Paulo city [21].
The present study was conducted retrospectively on iso-
lates collected in the Special Health Service of Araraquara
(SESA), where all TB diagnosis in the city is concentrated.
These isolates were obtained starting from a total of 257 pa-
tients attending the TB health service of the SESA from 2002
to 2006. Briefly, sputum obtained for routine diagnosis of TB
underwent the following laboratory examination: micro-
scopic analysis by Ziehl-Neelsen staining, culture in Lo¨wen-
stein-Jensen medium, phenotypic and molecular
identification, and tested for drug susceptibility by the Bec-
ton–Dickinson MGIT960 system as reported recently [21].
Out of 257 outpatients, 68.4% (130/257) were culture con-
firmed pulmonary TB cases. M. tuberculosis complex was con-
firmed in 93% (121/130) of cases vs. 6.9% (9/130) of non-
tuberculous mycobacteria.
Genotyping and database comparison
In this retrospective study, spoligotyping [9] and 12-loci MIRU-
VNTR typing [10,11] was applied to 69.5% (84/121) of culture-
positive pulmonary TB cases (1 isolate/patient). The copy
number of each MIRU locus was determined after electropho-
retic separation of the amplification product on 2% agarose
gels and by comparing the corresponding bands with appro-
priate DNA-size markers. The results from these 84 isolates
were compared with those from a previous 1998–2001
Araraquara study with spoligotyping results available for 70
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2006–2008 with results available for 93 isolates [21]. Thus the
total number of strains analyzed with spoligotyping data
equaled 247.
For database comparison, both the spoligotypes and 12-loci
MIRU patterns (MIRU locus order: 2, 4, 10, 16, 20, 23, 24, 26, 27,
31, 39, 40) were compared using the SITVIT2 proprietary data-
base of Institut Pasteur de la Guadeloupe, which is an updated
version of the previously released SITVITWEB and SpolDB4
databases [18,19]. In this database, spoligotype international
type (SIT) and MIRU international type (MIT) designate spoligo-
type and MIRU patterns shared by two or more patient isolates,
as opposed to ‘‘orphan’’ which designates patterns reported for
a single isolate. Major phylogenetic clades were assigned
according to the signatures provided in the database defining
62genetic lineages/sublineages.These includevariousM. tuber-
culosis complex members such as M. bovis, M. caprae, M. microti,
M. canetti,M. pinipedi, andM. africanum, as well as rules defining
major lineages/sublineages for M. tuberculosis sensu stricto.
These include the Beijing clade, the Central Asian (CAS) clade
and 2 sublineages, the East African-Indian (EAI) clade and 9
sublineages, the Haarlem (H) clade and 3 sublineages, the Latin
American-Mediterranean (LAM) clade and 12 sublineages, the
ancestral ‘‘Manu’’ family and 3 sublineages, the S clade, the
IS6110-low-banding X clade and 3 sublineages, and an
ill-defined T clade with 5 sublineages.
Epidemiological analysis and ethical considerations
Retrospective demographic and epidemiological data were
collected from the medical records of all patients and
analyzed using the EPI-INFO 3.5.1 program. The study was
approved by the Committee for Ethics in Research of Faculty
of Pharmacy of Sa˜o Paulo State University (UNESP).Results
The study setup and available information
In a previous study covering the period 1998–2001 in Araraqu-
ara city, TB molecular epidemiology led to suspected ongoing
transmission in 31.3% (35/112) of the strains analyzed, out of
which 14.3% (16/112) were confirmed by conventional epidemi-
ological methods [20]. The aim of the present study was to ex-
tend the previous study for five additional years (2002–2006), in
order to gather more reliable information about TB transmis-
sion in this low TB burden community. The study also aimed
to identify MTBC genotypes responsible for the current main-
tenance and spread of TB in Araraquara city and further com-
pare these two datasets from this low TB-incidence area with a
2-year cohort in the nearby higher-incidence metropolitan
area (Sa˜o Paulo city), for which genotyping data was available
for the years 2006–2008 [21]. Regarding patients’ characteris-
tics, all TB cases of the present follow-up study occurred in
adults (male to female sex-ratio 2.5), and mainly concerned
newly diagnosed cases. The major risk groups included the hu-
man immunodeficiency virus (HIV) infected, 8.3%, and the
alcohol dependent, 29.8%. The mean time between symptoms
and diagnosis of TB was just over two months (63.9 days). Anti-biotic resistance was observed in five strains, all of which
showed only isoniazid mono-resistance.
Spoligotyping and database comparison
The detailed results obtained including demographic, epide-
miologic, drug-resistance, and genotyping information on
all the 84 M. tuberculosis clinical isolates genotyped during
the present study are summarized in Supplemental
Table S1, while a comparison between M. tuberculosis spoligo-
type population structure in Araraquara based on data from
the present (n = 84) and a previous study (n = 70) [20], as well
as a 2-year Sa˜o Paulo city cohort study from this group [21],
are shown in Table 1. In the present study (Supplemental
Table S1), spoligotyping revealed 15 genetic groups among
84 isolates analyzed, 94.0% (79/84) of which showed spoligo-
types described in the international database, comprising 40
distinct SITs distributed among 4 clades and 15 sub-clades.
The LAM was the most important lineage representing
58.3% (49/84) of the isolates, followed by the T and Haarlem
lineages, accounting for 20.2% (17/84) and 14.3% (12/84) of
the isolates, respectively. Table 1 shows that circulating SITs
from the major lineages LAM, T and Haarlem accounted for
92.9% (78/84) of all isolates in the 2nd and 38.6% (27/70) in
the 1st Araraquara survey, and 65.3% (61/93) of the Sa˜o Paulo
city cohort study. Globally with 58.3% (49/84) strains, LAM was
the predominant lineage in the present follow-up study; ma-
jor patterns being SIT42/LAM9 11.9% (10/84), and SIT20/LAM1
10.7% (9/84). Thus, the high prevalence of LAM in this study
contrasts with the 2.8% (2/70) prevalence reported in Araraqu-
ara during the previous study covering 1998–2001 (Table 1). In
order of decreasing frequencies, SIT42, 11.9% (10/84), SIT20,
10.7% (9/84), SIT64, 8.3% (7/84), and SIT17, 8% (4/84) of the
LAM lineage; SIT50, 6.0% (5/84) of the Haarlem lineage; and
SIT53, 6.0% (5/84) of the T lineage; together comprise 47.6%
(40/84) of the most frequent shared-types among clustered
strains. Most of these SITs are of ubiquitous distribution,
and some of these are predominant both in Sa˜o Paulo city
(SIT17, 60, 42, 53, 50, and 1) as well as in southern Brazil
(SIT17, 20, 33, 42, 50, 53, and 65), comprising approximately
50% of all the isolates genotyped [22].
Furthermore, as compared to the 1998–2001 period, where
40% (28/70) of the isolates belonged to the ill-defined T family
(number obtained by updating three SIT51 strains as T1 sub-
lineage in previously published figures; major pattern being
SIT53/T1 with 17.1% or 12/70 of the strains), a parallel drop
in the number of strains belonging to the T lineage was ob-
served, i.e., a drop from 40% (28/70) in 1998–2001 to 15.4%
(13/70) in the present study. These results show that the T
lineage strains have been replaced by LAM strains in Araraqu-
ara in 2002–2006. Indeed, the patterns obtained in the Ara-
raquara follow-up study show a shift of M. tuberculosis
population structure from the previous study towards a pop-
ulation structure characteristic of the metropolitan Sa˜o Paulo
city, characterized by LAM (26/93 isolates, 27.96%), followed by
the T (24/93 isolates, 25.81%) and Haarlem (H; 11/93 isolates,
11.83%) families, which together accounted for 65.6% of all
the isolates.
Spoligotype description of clustered M. tuberculosis clinical
isolates in the present follow-up study in Araraquara, and
Table 1 – Comparison of Mycobacterium tuberculosis population structure as assessed using spoligotyping from Araraquara,
Brazil, from 1998 to 2001 (n = 70), vs. a follow-up study during the period 2002–2006 (n = 84), and a 2-year cohort in the Sa˜o
Paulo area from 2006 to 2008 (n = 93).
SIT (sublineage) octal number
Spoligotype description
Araraquara, Nb (%)a Sa˜o Paulo, Nb (%)b
1998–2001 (n = 70) 2002–2006 (n = 84) 2006–2008 (n = 93)
2 (2.8) 10 (11.9) 7 (7.5)
0 9 (10.7) 1 (1.1)
0 7 (8.3) 1 (1.1)
0 5 (6.0) 8 (8.6)
12 (17.1) 5 (6.0) 10 (10.8)
0 4 (4.8) 4 (4.3)
0 3 (3.6) 1 (1.1)
0 2 (2.4) 0
0 2 (2.4) 0
0 2 (2.4) 0
4 (5.7) 2 (2.4) 2 (2.2)
3 (4.3) 2 (2.4) 0
0 2 (2.4) 1
0 2 (2.4) 0
0 2 (2.4) 0
a The SITs presented in this table are the ones present in the follow-up study in Araraquara for the period 2002–2006, and their corresponding
distribution in Araraquara for the period 1998–2001 [20], and with a 2-year cohort in the nearby higher-incidence Sa˜o Paulo city for the period
2006–2008 [21].
b Note that following SITs/lineages found in Sa˜o Paulo were absent among patients in the Araraquara follow-up study: SIT1/Beijing (n = 4),
SIT46/Unk (n = 1), SIT60/LAM4 (n = 4), SIT65/T1 (n = 1), SIT86/T1 (n = 1), SIT92/X3 (n = 1), SIT93/LAM5 (n = 1), SIT102/T (n = 1), SIT130/LAM3 (n = 1),
SIT157/T3 (n = 2), SIT175/T2 (n = 1), SIT244/T1 (n = 1), SIT397/LAM (n = 2), SIT453/T1 (n = 1), SIT 467/H (n = 1), SIT534/LAM (n = 1), SIT560/Unk (n = 1),
SIT826/LAM2 (n = 1), SIT1154/LAM9 (n = 1), SIT1166/T1 (n = 1), SIT1214/T1 (n = 1), SIT1277/LAM9 (n = 1), SIT1475/T1 (n = 1), SIT1905/T1 (n = 2),
SIT2326/LAM (n = 1), SIT2498/H3 (n = 1), SIT2503/H3 (n = 1), SIT2860/LAM6 (n = 1), SIT2885/H3 (n = 4), SIT3011/T2 (n = 1), and newly-formed shared-
types SIT3105/LAM3 (n = 2), SIT3106/T1 (n = 1, matched an orphan from Austria), SIT3107/LAM (n = 1, matched an orphan from USA), as well as 7
orphan patterns.
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Table 2 – Spoligotype description of clustered M. tuberculosis clinical isolates in Araraquara, Brazil (n = 84), and their worldwide distribution in the SITVIT2 database.
Proportion of spoligotypes in a 2-year cohort in Sao Paulo area (n = 93 isolates) is shown for comparison.
SIT (Clade) octal number
Spoligotype description
Araraquara (n = 84) Distribution in regions
withP 5% of a given SIT*
Distribution in countries withP 5% of a
given SIT**Number (%) % in study
vs. database
10 (11.90) 0.35 AMER-S 29.92, AMER-N 15.38, EURO-S 11.75,
AFRI-N 10.13, EURO-W 6.46
USA 14.01, BRA 12.0, MAR 8.33, COL 7.23,
ITA 6.18
9 (10.71) 1.21 AMER-S 28.63, AMER-N 23.12, AFRI-S 11.96,
EURO-S 10.62, EURO-W 7.66, CARI 5.78
USA 21.37, BRA 18.95, NAM 8.33,
PRT 6.59, VEN 5.65
7 (8.33) 2.10 AMER-S 51.95, AMER-N 29.43, EURO-S 5.41 BRA 41.14, USA 28.23, GUF 5.71
5 (5.95) 0.17 AMER-N 21.16, AMER-S 18.85, EURO-W 14.8,
EURO-S 12.17, EURO-E 6.22
USA 20.54, BRA 8.16,AUT 7.12, ESP 6.36,
ITA 5.08
5 (5.95) 0.10 AMER-N 19.19, AMER-S 15.62, EURO-W 12.38,
EURO-S 9.68, ASIA-W 8.4, AFRI-S 6.28
USA 16.69, BRA 6.34, ZAF 6.14
4 (4.76) 0.63 AMER-S 60.63, AMER-N 19.52,CARI 8.41,
EURO-S 5.71
BRA 29.21, VEN 28.41, USA 18.89
3 (3.57) 23.08 AMER-S 92.31, AMER-N 7.69 BRA 92.31, USA 7.69
2 (2.38) 50.0 AMER-S 50.0, CARI 25.0, ASIA-SE 25.0 BRA 50.0, CUB 25.0, MYS 25.0
2 (2.38) 50.0 AMER-S 75.0, AFRI-W 25.0 BRA 50.0, COL 25.0, SEN 25.0
2 (2.38) 0.54 AMER-N 26.49, AMER-S 21.89, CARI 20.81,
EURO-W 10.27
USA 24.05, HTI 10.0, ARG 9.46, GUF 5.95,
CUB 5.68, BRA 5.68
2 (2.38) 0.16 AMER-N 20.63, EURO-W 19.53, EURO-S 13.36,
AMER-S 12.81, EURO-E 8.14
USA 18.81, AUT 9.96, BRA 8.38, ITA 7.04
2 (2.38) 0.82 AMER-S 26.34, AMER-N 18.11, EURO-S 14.4,
EURO-W 13.17, CARI 12.76, ASIA-SE 8.23
USA 16.87, BRA 16.46, ITA 11.52, AUT 9.88,
HTI 7.0, MYS 7.82
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Table 2 – Continued
SIT (Clade) octal number
Spoligotype description
Araraquara (n = 84) Distribution in regions
withP 5% of a given SIT*
Distribution in countries withP 5% of a
given SIT**Number (%) % in study
vs. database
2 (2.38) 0.97 AMER-N 19.81, EURO-S 18.36, AFRI-S 13.53,
EURO-W 11.59, AMER-S 11.11, AFRI-E 7.25
USA 17.39, ITA 16.43, ZAF 13.53, BRA 5.8
2 (2.38) 8.33 EURO-S 8.33, AMER-S 16.67, AMER-N 16.67,
EURO-N 12.5, AFRI-E 12.5, EURO-W 12.5
USA 16.67, FXX 12.5, ZMB 8.33, BRA 8.33
2 (2.38) 18.18 AMER-S 54.55, EURO-S 27.27, CARI 9.09,
ASIA-W 9.09
BRA 36.36, ESP 27.27, PER 18.18,
TUR 9.09, HTI 9.09
* Worldwide distribution is reported for regions with more than 5% of a given SITs as compared with their total number in the SITVIT2 database (interrogation performed on 25 November 2011). The
definition of macro-geographical regions and sub-regions (http://unstats.un.org/unsd/methods/m49/m49regin.htm) is according to the United Nations; Regions: AFRI (Africa), AMER (Americas), ASIA
(Asia), EURO (Europe), and OCE (Oceania), subdivided in: E (Eastern), M (Middle), C (Central), N (Northern), S (Southern), SE (South-Eastern), and W (Western). Furthermore, CARIB (Caribbean) belongs to
Americas, while Oceania is subdivided into four sub-regions: AUST (Australasia), MEL (Melanesia), MIC (Micronesia), and POLY (Polynesia). Note that in this classification scheme, Russia has been
attributed a new sub-region by itself (Northern Asia) instead of including it among the rest of Eastern Europe. It reflects its geographical localization as well as due to the similarity of specific TB
genotypes circulating in Russia (a majority of Beijing genotypes) with those prevalent in Central, Eastern, and South-Eastern Asia.
** The 3 letter country codes are according to http://en.wikipedia.org/wiki/ISO_3166-1_alpha-3; countrywide distribution is only shown for SITs withP 5% of a given SITs as compared with their total
number in the SITVIT2 database.
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marized in Table 2. Indeed, a majority of the patterns seen in
Araraquara are predominantly reported in USA and Brazil,
followed by other South American (Colombia, Venezuela,
Peru, Argentina, and French Guiana) or Caribbean countries
(Cuba, Haiti). Some of the spoligotypes are also found in sig-
nificant numbers in Latin European countries like Portugal,
Spain, Italy, and France; and to a lesser extent in Africa or
Asia. Interestingly, spoligotype patterns not found in the ini-
tial study from Araraquara, such as SIT1895, were limited to
Brazil and the USA in the international database. Lastly, a to-
tal of three spoligotype patterns (SIT1768/LAM6, SIT1895/
LAM4, and SIT3019/LAM5) were highly specific to Araraquara
(Table 2) and might represent locally evolving clones. Interest-
ingly, two rare LAM spoligotypes (SIT1768/LAM6 and SIT3019/
LAM5), as well as other Haarlem and T sublineage patterns
(SIT2/H2, SIT51/T1, SIT393/T1, and SIT2070/T1), were absent
in Sa˜o Paulo, but present in Araraquara (Table 1). On the other
hand, some spoligotypes found in Sa˜o Paulo city [21] were ab-
sent among patients in Araraquara; these included: SIT1/Bei-
jing, SIT160/Unknown (previously designated LAM4), SIT157/
T3, SIT393/T1, SIT828/LAM4, SIT1905/T1, SIT2885/H3, and a
newly-identified pattern SIT3105/LAM3.
Additional typing using 12 loci MIRUs
Additional typing of the follow-up isolates from 2002 to 2006
using 12 loci MIRUs in conjunction with demographic, epide-
miologic and drug-resistance information (Supplemental
Table S1) revealed 7 clusters with 100% similarity (MIT 33,
42, 128, 291, 898, 1403, and 1406), all of them consisting of 2
isolates only (Table 3). MIRU typing generated fewer clonal
groups than spoligotyping (7 vs. 15 clusters); all of these iso-
lates had a corresponding MIT number in the SITVIT2 data-
base. Concerning the polymorphic loci of the 12-loci MIRUs
used, locus-24 did not display any variation in copy number;
locus 2, 20, 31, and 39 contained just three alleles, whereas
many alleles were observed for locus 23, 26, and 40. Combined
spoligotyping and MIRU-VNTR results (Table 3) confirmed oneTable 3 – Description of seven M. tuberculosis clusters (2 isolate
strains; isolated in 2002–2006) that were separated by spoligotyp
IsoNumber Year Strain Octal code
BRA0120060A070 2006 A070 777777777760771
BRA0120030A083 2003 A083 777777774020771
BRA0120050A055 2005 A055 777777774020771
BRA0120060A081 2006 A081 777777777720771
BRA0120030A015 2003 A015 677777607760771
BRA0120060A080 2006 A080 377777607760771
BRA0120030A010 2003 A010 677737607760771
BRA0120030A024 2003 A024 577737607760771
BRA0120050A044 2005 A044 777777607460731
BRA0120050A051 2005 A051 777777607460731
BRA0120030A021 2003 A021 577737607760771
BRA0120050A059 2005 A059 677737607760771
BRA0120060A062 2006 A062 777777777720771
BRA0120060A064 2006 A064 777777607760771
a SIT, Shared International Type.
b MIT, MIRU International Type.clonal group of 2 isolates with the same SIT/MIT association
(SIT1895/MIT898). Note that the cluster defined by spoligotyp-
ing (spoligotype cluster group M of 3 isolates – two from 2005
and one from 2006) was confirmed by MIRUs in 2 patients
from 2005, rejecting the third patient from 2006 (Supplemen-
tal Table S1). Thus, the combination of two typing techniques
used confirmed a single molecular cluster, representing 2.4%
(2/84) of the strains starting from a 257 patient database. Con-
ventional analysis confirmed epidemiological links related to
a husband and wife contact. This cluster of two patients was
composed by specifically Brazilian and USA genotypes –
SIT1895/LAM4 as described above (Table 2, Supplemental
Table S1).Discussion
The availability of a good representative sample of clinical
isolates and detailed epidemiological and demographic data
(Supplemental Table S1) allowed us to evaluate the evolution
of MTBC population structure and circulating clones since the
first study covering the period 1998–2001 [20]. The local socio-
cultural barrier, where women stay mainly at home, while the
men engage in external activities, being frequently exposed to
TB, may explain the low incidence of TB in women (male to
female sex-ratio 2.5). This feature has been noted in a satellite
town, Ame´rico Brasiliense, 21 km from Araraquara, that has a
similar cultural behavior [23]. However, in the Sa˜o Paulo
metropolis, where men and women have similar external
activities, the frequency of TB in males was only 1.5 times
higher than in female patients [21]. Other factors that might
have favored the development of TB amongst men in Ara-
raquara are alcohol addiction affecting 40.5% of the males,
compared with 10% of the females, which might lead to im-
mune suppression. The absence of MDR strains from this
study, and the low frequency of INH mono-resistant strains
were probably due to the administration of Directly Observed
Therapy Short-course (DOTS) in this area. No cases of child-
hood TB were detected possibly owing to the well-establisheds/cluster) defined by 12-loci MIRUs in Araraquara (n = 84
ing with the exception of a single cluster – SIT1895/MIT898.
Lineage SITa MIRU12 MITb Sex/Age
T1 53 224325153323 33 F/87
H1 47 224325153323 33 F/81
H1 47 225313153323 42 M/26
H3 50 225313153323 42 F/27
LAM1 20 223226153321 128 F/26
LAM9 177 223226153321 128 M/58
LAM2 17 223225163321 291 F/31
LAM5 3019 223225163321 291 M/44
LAM4 1895 124326143222 898 M/45
LAM4 1895 124326143222 898 F/41
LAM5 3019 224125163321 1403 M/44
LAM2 17 224125163321 1403 M/48
H3 50 225314153323 1406 M/43
LAM9 42 225314153323 1406 F/48
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newborns in the city [24,25].
Spoligotyping analysis performed during this second sur-
vey in Araraquara (Table 1) showed an important shift in
the M. tuberculosis population structure in comparison with
that previously reported [20]. It is interesting to underline that
many of these new M. tuberculosis spoligotypes observed be-
long to the prototypes of the ubiquitous LAM sublineage, such
as SIT17 (prototype of LAM2), SIT20 (prototype of LAM1), SIT42
(prototype of LAM9), and SIT64 (prototype of LAM6), etc. In-
deed, the LAM lineage showed an added increase of over
50% replacing the T as the most prevalent clade shared by
the clustered strains, indicating that the LAM family is
spreading rapidly in Araraquara. This increased predomi-
nance of LAM lineage strains, which is globally distributed be-
yond Brazil and Portugal [18,26–28], should be taken seriously.
The LAM lineage, one of the most prevalent worldwide, is part
of the Euro-American superlineage [15,18,19]. Grouping into
large epidemic clusters of LAM patterns has allowed the des-
ignation of some being associated with specific deletions
(such as RDRio) that are today considered a global menace
[26,27]. A recent investigation has reported the extensive
association of such strains with heightened transmission of
multidrug- and extensively drug-resistant TB in Portugal [28]
– a fact which is disturbing considering the very close ties of
Portugal with Brazil, owing to former colonization and to con-
stant immigration between the two countries.
However, a number of lineages, including Beijing, found in
Sa˜o Paulo were absent among patients in Araraquara. On the
other hand, other spoligotypes absent in Sa˜o Paulo were pres-
ent in Araraquara, including rare spoligotypes, described for
the first time in Brazil and in Latin America through this study
(Table 2 and Supplemental Table S1). Of interest are some
examples cited below: (i) SIT50/H2 sublineage which emerged
in Araraquara in 2003 (grouping 5 different isolates: A081,
A062, A028, A035, and A020), but was absent in the previous
years; (ii) SIT1895/LAM4 introduced in 2002 was found again
in 2005 and 2006 in a group of 3 isolates – a genotype so far
exclusively found in Brazil, 92.3%, and the USA, 7.7%. Among
spoligotypes found with a single isolate each (unclustered) in
Araraquara, some examples include: (i) SIT177/LAM9 and
SIT39/T4-CEU1 with ubiquitous distribution in SITVIT2 – how-
ever, unlike 50% of all SIT177/LAM9 strains being reported
from Brazil, SIT39/T4-CEU1 remains rare in Brazil and is prob-
ably related to a recently arrived strain by contact with for-
eigners; (ii) SIT81/LAM9 which has been reported essentially
in Cuba, followed by Spain, Brazil, and other Latin American
countries; (iii) SIT95/LAM6 which is common in Brazil, USA,
French Guiana, Paraguay, Peru and Mexico; and (iv) SIT828/
LAM4 with a high phylogeographical specificity for Brazil
(n = 24/29 or 82.76% isolates in the database). Last but not
least, as highlighted in Table 2, patterns were found that are
extremely rare in the world, such as SIT1895/LAM4 (n = 13
strains in the SITVIT2 database), and SIT1768/LAM6 and
SIT3019/LAM5 (n = 4 isolates each in the SITVIT2 database),
but found as small clusters in the present study (2 to 3 strains
each). Whether these could correspond to cases of casual
contact with foreigners remains a plausible explanation;
nonetheless as discussed below only 1 out of these 3 clustersretained an identical SIT/MIT association after 12-loci MIRU
typing.
Taken separately, MIRU typing generated fewer clonal
groups than spoligotyping (7 vs. 15 clusters). However, out
of 7 MIRU clusters with 100% similarity (MIT33, 42, 128, 291,
898, 1403, and 1406; all of them consisting of 2 isolates per
cluster), combined spoligotyping and 12-loci MIRU results
confirmed a single clonal group of 2 isolates with the same
SIT/MIT association (SIT1895/MIT898/LAM4), related to a hus-
band and wife contact (Table 3). Thus, clustering of M. tubercu-
losis isolates by a single typing method does not always
represent recent transmission, as it can also reflect the persis-
tence of well-conserved endemic strains [29]. In this study,
the groups of isolates clustered by a single typing method
thus showed persistence of well-conserved endemic strains
in the community of Araraquara and the surrounding Sa˜o
Paulo metropolitan area. This situation can be easily seen
for 5 SIT50/H3 sublineage isolates, none being clustered by
12-loci MIRUs (Supplemental Table S1). Considering that
these isolates were not present in the earlier study (Table 1),
it can be presumed that these were imported from the neigh-
boring Sa˜o Paulo city through migrant workers from a pool of
well-conserved phylogenetically-related endemic strains,
although differing in their MIRU patterns.
In the study of MTBC isolates from Sa˜o Paulo city, no clus-
ters with 100% similarity were retained by combined spoligo-
typing and 12-loci MIRUs [21]. The advantage of studying the
molecular epidemiology of TB in a smaller city was the possi-
bility to be more exhaustive, e.g., the present study covered a
total of 69.4% (84/121) of all pulmonary TB cases with positive
culture recorded in Araraquara for 5 years (2002–2006), hoping
to be able to capture all cases of recently transmitted disease
vs. reactivation cases. However, molecular typing in conjunc-
tion with conventional epidemiology did not link the popula-
tion structure shift observed in Araraquara to an increase in
ongoing transmission. This is probably not totally unexpected
since sometimes a great diversity is observed among M. tuber-
culosis strains even in small populations, e.g., no clonal groups
were retained as clusters by combined spoligotyping and 12-
loci MIRU typing of MTBC strains from a rural district in Kan-
pur city, India [30].
Conclusion
The combined typing of the follow-up M. tuberculosis strains
from Araraquara isolated in 2002–2006 using spoligotyping
and 12-loci MIRUs in conjunction with conventional epidemi-
ology did not link the population structure shift observed –
neither to an increase in ongoing transmission, nor drug-
resistance. Instead, it is most probably linked to movements
of the important migrant community from Araraquara to
higher TB-incidence metropolitan areas, such as Sa˜o Paulo
city. This is of particular concern due to increments in the glo-
bal burden of LAM strains and the recent association of cer-
tain LAM sublineages with MDR/XDR-TB [28]. This study
provides evidence that despite the existence of an effective
TB control program and administration of Directly Observed
Therapy Short-course (DOTS) in the Araraquara health ser-
vice, new MTBC strains are emerging probably as a result of
164 I n t e r n a t i o n a l J o u r n a l o f M y c o b a c t e r i o l o g y 2 ( 2 0 1 3 ) 1 5 6 –1 6 5movements of the important migrant community of Araraqu-
ara to higher TB-incidence metropolitan areas. Further evalu-
ation of TB transmission trends amongst migrant workers
and other risk groups (e.g., persons in homeless shelters, in
correctional facilities, drug users, and those with HIV infec-
tion, etc.) should now be performed for an extended period
of time using optimized 15- and 24-loci [11,31] MIRU-typing
schemes.
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